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Interim Report
Contract No, 12~136
October, 1966

‘I, RESEARCH INVESTIGATIONS

A, Program Objectives and Major Considerations,

This Interim Report has been prepared for NASA, Electronic
~ Research Center, covering the four=month investigation conducted
under Contract 12136 during the period June, July, August, and Sep~
tember, 1966,

The fundamental aims of this study were directed toward the
development of an analog statistical switch capable of processing infor=
mation for adaptive control devices, This statistical switch may be
employed in a combined logice=memory system, The concept conceived
and adopted for the processing of information transforms signals, images,
or events (briefly referred to as a "pattern'') to be recognized, into more
than one discriminant function, each of which represents a distribution
of a particular property of the pattern to be characterized, Accordingly,
various property distributions would be processed from a particular
pattern~-for example, a Poisson distribution, which is well suited to
describe properties of a signal or pattern such as the one present in
an electrical signal known as zero crossings, Additionally, perhaps
a Raleigh distribution could represent the distribution of another pro=
perty of the pattern, such as modulation intensity properties and so on,
Each one of these property functions would be a composite (not elemen=
tary) distribution function, which could be electronically processed, and
could be used to find or derive a generalized discriminant function, A
set of such generalized disgriminant functions, each one derived from a
particular property of the pattern, could then be used for recognizing a
particular pattern presented to the machine, In a further step the mu=
tual probabilities of these probability functions can also be utilized in the
recognition process, It is assumed that the various property distribue=
tion and discriminant functions are characterized byafairly small number
of representative samples, and require first of all a multi=level storage
system, which can preferably be simultaneously interrogated, and can
also, in a later development, be trained,

The theoretical portion of the study undertaken may be broken
down into three areas:

1, Characteristic features of various representative distribution



functions were established and tabulated,

2, Mathematical considerations were given to the dividing of
arbitrary distribution functions into the sum and product of simple dise

tribution functions,

3, An analysis was made of simple distribution functions and/or
composite distribution functions, which are best suited to represent a par=
ticular property of the pattern to be recognized,

4, Consideration was given to a system in which a set of pro~
perty discriminant functions are used for recognizing a particular pattern,

In order to understand the theoretical objectives listed above,
certain experimental work was begun to demonstrate an electronic device
capable of processing density distribution functions and storing and transe
forming up to sixteen samples of arbitrary functions in a mock logice=memory
system,

B, Theoretical Studies,

Three tables of probability (density) functions have been-compiled,
and their characteristic features have been tabulated, (Hereafter these
functions will be referred to simply as "'distribution functions, ')

1, Table I contains the more significant distribution functions,
each of which can be electronically processed,

2, Table II contains discrete distribution functions, Of those
enumerated, the Poisson is the only one for which we have found an elec~
tronic method of processing,

3. Table IIl contains those distribution functions which Medgyessy
has found suitable for superposition and which he has tested mathematically,

The representation of a composite distribution function in terms
of elementary distribution functions is a sophisitcated mathematical task
due to the fact that a particular wave form, periodic or none=periodic, must
satisfy some mathematical criteria in order to be suitable for such a de=~
composition process, However, Medgyessy gives in his book the mathe~
matical criteria for those elementary distribution functions which are suite
able for the representation of composite distribution functions by superpo«
sitions, According to his findings, there are about eight distribution functions
(see Table III) which can be used, (The characterization of those distribue
tion functions already given in Tables I and II are not repeated in Table III, )



®Z

suoTInqra3sia £31T1qegoId SNONUIIUoD

(x)

" ‘I H19dV.L .
*UOTINGLIISIP UBIZIUSJIOT ®© ) J o X +nw\
gsoqIIosap mbhso aouBUOSAI O] ﬁ< o | 0 < VeI 5 P UBIZIUSIO
0§ 10 0% se uonnqLy e V Iy
-81p Tesnes v ojewrxoadde Lyone) AW.\XV.D. (3=x HAWIXV@ ®j[9Q ovJII(d
pue aemdue}oad 9y} 3By} 930N pauijop 10N o W AM I‘xV of J0 [esne)
. W 0} Tenba sfemte jsowre ST X : =
&/ 5T JUOAS 9Y] JO ooUoLIN000 _ , _
© JO 2jea aSeJoAe 9y} 2JI9UM JUDAS (§=%) »y o8- (o>x) Pe)
Jenotiaed g JO 90U8IINDID0 Y} N0 s x1~ o
=Y}IM JeAJojul UB JOo yj3usi oy} St Z o w\ + g (§5% 7 2 |<x Sy P reriusuodxsy
‘S]qelJdEA WIOPURI oY} USYM TNJOS[) z g —xi- ( !
‘ooz soyoeoadde ypimpueq \ H =0 -
2y} se uoTnqraisip ysiofey onai ® s , _ ¥ azy 2 A
sxjoeoadde os10U PajINAIIISIp AI[BW Db 0 iy / _u.oxn i ~ Rn ysratey
-J0Uu JO pueq B JOo adolsAus oy, z _ ® (o>x) 0
erlzx) ¥ | uorInqrISIQ
Teadalutr 8y} . A&mea-“.& (mt§0)E (o<ii-xl) O WIIOJIUf) JO
4L54 5 . -
JOAO poInqraisip Awiiofiun st X o «u.m W A isx) O (o> 13-%1) m.u xemnduejosy
(o>X> oo...v
ZAy a1 ] +f
7~ (%) x& Z =% j4o 0 I o] _w =) 342 Ik &nao ; uerssnen
. T
- SHIewisy SE3UMSNG ;|  OOUBIABA | ONnjep uoijoung uoIjoUNg | UOTINQIIAISI
| ueay uoTINqIISIg Axvnv Lyrsusqg
a. {x}iepn | (x)3 AnTiqeqoag




e ap

suoTnqrI3si £IT1qedoad 9391981

I TEVL
(0=u) (8+D5A ih AN AoAxV - 51
< U/g +(@+0) thm\ AmV Q..Amm\._. ) = ()
j=¢ 103 coﬂsﬂ.apm% ! Mm MMHM%MM
o141 W08N) By} 0} puE ‘0=¢ s+ )
103 UORNQILISIP U0ssiod suy 03 AN v 39S AW( +_vw W Aozﬂﬁouﬁ._. SRECZOL a ._ ?K %0 siehlod
soonpaax uoTnNqralsip s;eA0d (1i
g
c--.aN«— sou_x VA: _ ||— \NﬁXV
n.ﬁ..n.ma@m lNI”IUI.. G\NC \NC ] w \N >0 X CA\N vx u .H.m.nEOﬂu...nm
A-1=b .
[4
moe Al n
- 2 -1 _ , .
uremoq -z = Py 1S1350 xA\ﬂ - _v\u OTJI3o W08
1
< oo e €y §y €
0<§ ‘o210 W i X
SUTRWO(] | D uossiod
!
s3IBWaY SSoUMONS | 9OUBIIBA anTeA sIojoweIBg SONINIqRqOLd | UOTINqIIIsIq | #
; : uBo uo jurog
n *xw.:w> “ N‘xvm w SUOT}OTI}SOY




2%

‘III H19dV.L

PUUEIDUMAOUNY WU JIYBLLLY SUOLINGLAISI(] AJIIgBQOI d snonuliuo)d

.coﬁﬁmomummsm 103 91qelIns OS[e aJe SUOTINQIIISIP BAOJ pue ‘Jeiwiourg ‘uossiod ‘ueissner) oyJ, :oI10N

i e i o g

(0 >2x>0) (o< x)
. .mk.u?..i
)
: TeWJION o1
; %I; = =p ,
o , x boy 0 (1) @98 /=X rm:MNMuﬁ.T ¥ -yjraedorg
; = T .
ohyz 37833 ¢ - o) [me) o
z .
(0<d focr)
1 0=x) (o< 2)
‘uotjouny CDV L ﬁ\nw k @s
ewiwes ajejdwrodur ay} s1 c&_u m\ ?om\\u 5 % 2 %R w.c wuioren
8\, ’ L
x wn\t o (05x) © (ex) O
¥
. hoAms ©< )
‘1 <d “1<x a0§ (e~ +0)/(1=2 aza) T (1 >x >0)
opouw onbiun forjea uory . ( )
-ouny ejaq 93a1dwod oy} sT(FIU(Z (z+46+») (1) 998| +» | (szs9) (d uozu X Fimrd elog
T e 1~ |
-+ g/-2) 2 S
?+m‘+MwMﬁ%~ =) ={x}aeA (1 ‘ (05x) o© (zx‘ozx) ©
*x0?2 031 1enba yjoq B
‘aae a8uea oInjaenbasiur pue YpIM W mwmﬂmwwo‘ mwnmsmmw
FleH * §=x uHMonm ornjeowwAs ST . wﬁ.ﬁm.ﬁxm rou A ;
| uormqraisip s,Ayone) *(uorynqray ; oo £z Z)vr Cuon
-S1p Hm?waﬂomémmh =A pue \ paurjep 0N | ©Op mxw JIBA pue {x}3 = uejoge T+; z ] : Y yone)
u22M19q POINIIISIP b&aoﬁss ST 7
‘ el 2+ 3T X JO wOTINQIILSI(O 4 -
K 41 Auey 3= ST SESERSRS | SSTEe A TS TOTIOUNT TOTjoUN] | UOTINqI A3 SI(
“ueol uonNqIIISIA ?Kw Ayisueg
n £yriqeqoag
(A | 63 (x)




An analog statistical switch may be defined as a switch which
responds to a particular distribution of analog signals, Such a switch
may sometimes be regarded as a special filter, It may also be looked
upon as a pattern discriminator,

As a conceptual example of a pattern discriminator using the
analog statistical switches just described, or, more accurately, an
analog associative memory, Figure 1 is included, The property dis=
tribution processors ¢;(x) give the distributions of the various proper=
ties of a particular pattern, such as frequency spectrum, zero crossings,
density distribution of peaks with amplitude, etc, The output of each dis~
tribution processor feeds into a set of statistical switches gj [ 9. (x)]repre-
senting typical distributions within a particular (i) class of propertles.

The outputs of the various groups of statistical switches are discriminated

-in a flag, and the outputs of the flag are further processed in the response

device (shown schematically), More details are given later in this report,
*

The focal point of this study was to determine the conditions which
must be met by an electronic processor to extract the distribution of a par=
ticular property such as frequency spectrum, zero crossings, etc., from
an electrical signal, From studying the mathematical properties of a par=
ticular type of distribution, it becomes clear from both the extraction of
sets of samples and the organization of these sets into a distribution , which
properties can be best characterized by its use, For example, the Poisson
distribution is well suited to describe a process such as the one present
in an electrical signal known as zero crossings, which would appropriately
characterize the conture lines of a picture or simply give a line drawing
of a picture, In contrast, a pure, normal distribution describes events .
which are not interrelated and give amplitude information useful for filling
in the line drawing characterized by the Poisson distribution, According
to this concept for characterizing the various properties, appropriate dis=
tribution functions are used, This characterization of the various distrie
bution functions will later permit the specification of various electronic
devices which are suitable for the extraction of some particular features
from an electrical signal, Table IV gives examples of properties the dise=
tributions of which may be most aptly described by a particular distribue
tion function, Although’ this weork actually constitutes only a beginning
step toward the characterization of electrical signals by some of their
composite (not elementary) distribution functions, it served, however, the
purpose of offering a more realistic approach to the design requirements
of a multi=level logicememory, which, as a result of the discussions con=
ducted with Dr, David Van Meter on September 29th, may now be appro=
priately referred to as an "analog associative memory,"
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C. Analog Associative Memory,

Based on the theoretical investigation undertaken, and our
discussions with NASA personnel, the need for work on an analog
associative memory has developed as one of the primary areas for
investigation under this contract, An analog associative memory: .
would permit one to compile and interrogate complex information
by handling whole functions in the computational process, The ferrie=
electric memory~logic system advanced by Electrocristal will permit
one to handle multi=level storage features for any one representative
property vector,

It should be noted that before the design of an analog associa=
tive memory can be undertaken, a number of questions need to be
answered, some of them of a theoretical, others of a practical, nature,
These include: -

1, In what form will an analog signal be presented to the
assgociative memory?

2, Will the analog signal presented be phase sensitive?

3. Will the interrogating signals have some deviation from
the distribution functions stored in the analog associative memory?

4, If there should be a deviation from the stored discrimin=~
ant function, what would be the nature of this deviation? Is it a rane~
dom deviation? And, regardless of the nature of the deviation, what
type of flexibility could be built into the associative memory so as to
take care of such fluctuation?

5, Is a normalization of the input signal required?
'6, How should the structure of the matrix be organized?
7. What type of sensing flag should be used to detect a response?

8, Should the interrogation of the memory matrix be parallel
or sequential, or should it be parallel and sequential?

Although the advantages of an associative memory are well
known to those who are actively interested in seeking new communica=
tion techniques and software, little or no work has been done on analog
associative memories, Some of the more notable problems)associated
with developing such a memory may be listed as follows:



1, Multi=-level storage |

2, Simultaneous interrogation of a large matrix

3. Signal to noise ratio for equality matches, etc,

4, Statistical deviations between interrogating and stored functions

D, Experimental Investigations,

An experimental model for processing density distribution functioms
from various types of input signals was built and tested, A circuit diagram
of this model is attached, (See Figure 2,) The basic principle of operation
of this circuit is, briefly, as follows: A trigger circuit is operated by the
peaks of the signal as the trigger level is slowly swept across the whole sige.
nal amplitude, On the output, the number of peaks can be integrated, and
the integrated signal can be displayed on a scope, The sweep frequency
must be slow in order to obiain a sufficient statistical average, In the
iimplest sense, this type of circuit gives, for example, a Gaussian distrie

ution function if the input receives a random n01se signal, This circuit
is a typical distribution function processor,

It has become obvious that the speed of such a processor is too
slow, and for this reason it is desirable to develop a higher speed device,
The principle of such a high speed device can be outlined as follows:

The 31gna1 would be fed into a multi~level detector, On the out=
put of each level, the pertinent peak densities can be integrated, Since
such a processor would not be a sequential, but rather a parallel operating
device, the speed could be increased to a suitable level, The development
of such a device is at this moment deferred to a later date, since the most
important task in this research period is to define and develop a statistical
switch incorporating the various novel features already described,

A basic building block approach was followed in order to establish
. future adaptive control devices which include learning features, For this
purpose, a logic memory storage system capable of handling sixteen samples
- is planned, The objective of this experimental investigation is to provide
hardware which can expand and compress a particular distribution function
on a controlled experimental basis, In other words, it would become pose
sible to generate families of similarity (affine) functions, and these functions
" would represent a variable pitch internal model with which an incoming sige
nal can be corgelated, In the final solution, feedback and synchronizing
features will also be incorporated,
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The experimental work. described above is designed to imple=
ment this flexible internal model or flexible word, The buildeup of this
experimental model requires the development of the following items:

1, Driving cards,

2. A sequential flip~flop chain, the switching speed of which
is variable,

3, A sixteenwbit Transpolarizer memory unit, each bit of which
contains two Transpolarizers, one of which produces the flexible internal
model, and the second of which contains the signal to be interrogated,

4, Various auxiliary circuitries,

Figure 3 represents a preliminary concept of an analog associa=
tive discriminator denoted by g; [6,0], g9 [616) e g, [ $1(x)7],
having a flexible fluctuating internal distribution function represented by
discrete samples of the just mentioned distribution function and by the
settings of the Transpolarizers in Column 1 b, while the incoming signal
can be simulated by the settings of the Transpolarizers in Column 1 a, The
fluctuations may represent any sort of linear or nonlinear transformations
@.nd afford the producing of desired similarity distribution functions in a
clustered manner around a typical distribution, For the time being, an
arbitrary number of sixteen Transpolarizers will be used for this experi=
mental model, The Transpolarizers in each column can be set to arbi=
trary levels by the application of a potential to the control points of the
Transpolarizers, Each Transpolarizer column can be sequentially driven
by the drivers D1, D 2, ...D_. The drivers are driven by a driver logic
which generates sixteen sequential outputs as a clock pulse input drives
the logic, This driver logic is constructed in such a manner that after a
single sequence of driving pulses has switched the sixteen Transpolarizers
through a complete cycle, an additional seventeenth driving board is acti=
vated, This driving board sends out an opposite polarity restoring pulse
. and switches all sixteen Transpolarizers back to their original stande=by
. condition,

This very same driving system is applied to the flexible internal
stored function as well as to the Transpolarizers which simulate a particu~
lar distribution function of an incoming signal,

As Figure 3 shows, the switching is for the time being so set that
opposite polarity outputs are obtained from the two Transpolarizer columns
a and b, ‘This way it becomes possible to subtract the incoming distribution
from the model distribution, and to obtain a difference distribution for further
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use, It also will become possible to drive the internal model with a
variable frequency and as a consequence a cluster of similarity funce
tions can be produced for comparison purposes, The transformation
of the various similarity functions can also be linearly or nonlinearly
accomplished,

Although in the first breadboarded models discrete Trans=
polarizers will be used, in future devices a memory element repre=
senting a whole multi=level analog function can be fabricated in a flat
pack and would be comparable to a whole memory word in an ordinary
computer, Large matrizes of such structures will become feasible
later where, in a cross point, so to speak , we may have a whole ana=
. log function instead of a binary '"1" or "0}

It is not considered necessary to make a detailed comparison
between a simple binary matrix and a matrix having whole analog funce
tions stored and organized for interrogation, It is apparent that while
in a binary representation the possible number of words is 2, the
possible number of words in a multielevel representation having '"n"
levels becomes n”,

II, INTERPRETATION OF RESULTS

In summary, it can be stated that the theoretlcal investigations
show interesting possibilities for:

’1.‘ A system utilizing memory=~logic elements
2, Flexible stored functions
3, Analog associative memories,

_ ' Based on the preliminary studies, a modest laboratory mockeup
is being assembled, This apparatus will be employed in an experimental
investigation to further document the feasibility of handling whole analog
. functions represented by samples in a memory process., This work has :
further shown that a key» portion of the entire concept will involve an ana=
log associative memory, and thus the research efforts for the coming
regsearch periods shall be concentrated on such an analog associative
memory, :



I1i, RECOMMENDATIONS FOR FUTURE ACTION

In the first phase of Contract No, 12~136, Electrocristal
undertook the development of analog statistical function discriminator
concepts which could be employed in adaptive control and learning
systems, This work has pointed out the need for additional investie
gations in that portion of an adaptive computing system which may be
defined as an analog associative memory, We therefore propose that
a second phase of the program be initiated, directed specifically towards
the establishment of concepts and demonstration laboratory hardware
which will prove the feasibility of an analog associative memory eme
ploying ferrielectric storage elements,



